The incidence and prognostic factors of chondrosarcoma patients have been reported in early studies. However, the association between risk factors and the incidence or prognosis of chondrosarcoma patients with pulmonary metastasis remains unclear. Therefore, we assessed these risk factors among chondrosarcoma patients with pulmonary metastasis.
Background
Chondrosarcoma (CHS) is a heterogeneous group of malignant tumors consisting of proliferating cartilaginous tissue; it is the second most common primary bone sarcoma after osteosarcoma. CHS constitutes 30% of all primary bone sarcomas. Because neither radiation therapy nor chemotherapy are effective against chondrosarcoma, wide resection with adequate surgical margins is the mainstay of primary treatment [1] . According to previous studies, 8-38% of chondrosarcoma patients developed distant metastasis [2] [3] [4] [5] [6] . This has been confirmed to be an independent prognostic factor correlated with poor prognosis of chondrosarcoma patients [2, 4, [7] [8] [9] [10] [11] . Additionally, a majority of the distant metastatic sites were in the lungs [12, 13] . A systemic review revealed that sarcoma's pulmonary metastasis rate was about 18-50% [14] . The development of pulmonary metastasis is a predictor of worse prognosis in CHS patients. The overall survival rate at 10 years by Kaplan-Meier analysis was 17% for patients who developed pulmonary metastasis, with a metastatic rate of approximately 9.6% [9] . Nakamura et al. recently reported that the incidence of pulmonary metastasis in chondrosarcoma patients was 11.2%, and among patients with pulmonary metastasis, the overall survival at 3 years and 5 years was 51.5% and 45.7%, respectively [15] . Early studies reported that older age, tumor site, higher grade of malignancies, and a larger tumor size are established risk factors for distant metastasis in chondrosarcoma patients. Other clinical characteristics have also been found as prognostic factors significantly associated with survival of chondrosarcoma patients, such as age, sex, year of diagnosis, tumor stage, tumor grade, tumor site, tumor size, surgery, and radiation [8, 10, 16, 17] . However, risk factors and prognostic factors for chondrosarcoma patients with pulmonary metastasis remain unclear. Therefore, it is necessary to identify risk factors for the incidence and prognosis in chondrosarcoma patients with pulmonary metastasis.
The Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer Institute is a comprehensive source of population-based information on cancer incidence and survival in the United States that was collected from 18 population-based cancer registries covering approximately 27.8% of the U.S. population. We utilized this open database to collect the information of demographic and clinical characteristics to investigate the association of risk factors with the incidence and prognosis in CHS patients with pulmonary metastasis (PM) at initial diagnosis.
Material and Methods

Patient selection
Patient data were abstracted from Incidence- SEER 18 Regs Custom Data (with additional treatment fields), Nov 2018 Sub (1975 using SEER*Stat 8.3.5 software, which collects patients' demographic and clinical characteristics. Since the complete information on distant metastases was not available before 2010, we restricted our study to the period time between 2010 and 2016. The inclusion criteria were as follows: (1) chondrosarcoma patients diagnosed between 2010 and 2016; (2) histologic subtype limited to Chondrosarcoma (9220), Juxtacortical chondrosarcoma (9221), Myxoid chondrosarcoma (9231), Mesenchymal chondrosarcoma (9240), Clear cell chondrosarcoma (9242), Dedifferentiated chondrosarcoma (9243) according to the International Classification of Diseases for Oncology, 3rd Edition codes; (3) tumor sites limited to extremity (C40.0-C40.3), spine (C41.2), thoracic cage (C41.3), others included pelvic bones, sacrum, coccyx and associated joints (C41.4); (4) known survival time, complete follow-up. The exclusion criteria were as follows: (1) diagnosed at autopsy or via death certificate;
(2) survival time code 0 months; (3) more than 1 primary tumor; (4) unknown primary tumor surgery information; (5) unknown sequence between radiation and surgery; (6) regional lymph nodes metastasis incomplete information; (7) unknown regional lymph nodes metastasis removed.
As shown in the flow chart ( Figure 1 ), 1365 patients diagnosed with CHS from January 1, 2010, to December 31, 2016, were initially identified. After the exclusion of 351 ineligible patients, a total of 1014 patients remained, both with and without PM. Among those, data on 69 PM patients were collected to analyze the prognostic factors of overall survival for CHS with PM. Eventually, 1 patient who was dead from other causes was excluded, leaving 68 PM patients to predict the prognostic factors of cancer-specific survival.
Demographics and clinical characteristics
Patients' demographics included age at diagnosis, sex, race, insurance status, and marital status. Marital status was characterized as unmarried or married. Unmarried included single (never married), widowed, divorced, separated, and unmarried or domestic partner. Clinical characteristics included tumor site, histologic subtype, tumor grade, Enneking staging, the presence or absence of regional lymph nodes metastases, local recurrence and pulmonary metastasis, tumor size, primary tumor surgery, regional lymph nodes removed, chemotherapy, radiation therapy and radiation sequence with surgery to investigate which characteristics are risk and prognostics factors for CHS with PM Primary site was classified as extremity (C40.0-C40.3), spine (C41.2), thoracic cage (C41.3), others included pelvic bones, sacrum, coccyx, and associated joints (C41.4). Histologic subtype was classified as conventional subtype (chondrosarcoma and juxtacortical), myxoid subtype, mesenchymal subtype, clear cell subtype, and dedifferentiated subtype. Regarding tumor grade, Grade I well-differentiated and grade II moderately differentiated lesions (ICD-O-3) were regrouped as low grade, whereas grade III poorly differentiated and grade IV undifferentiated and anaplastic lesions (ICD-O-3) were regrouped as high grade [4, 18] . According to Enneking staging system, tumor extension was divided into 2 groups: intracompartmental (A) and extracompartmental (B) [19] . Chemotherapy and radiation therapy were referred to as the treatment for the primary tumor site. X-tile 3.6.1 software (Yale University, New Haven, Connecticut, USA) was employed to identify the optimal cutoff values for continuous variables such as age at diagnosis and tumor size. The optimal cutoff values for age at diagnosis was 67 years old, then age at diagnosis was stratified as younger age £67 years old and older age >67 years old. The optimal cutoff values for tumor size was 8.6 cm and 15 cm. Tumor size was categorized as small size (£8.6 cm), medium size (>8.6-15 cm), and large size (>15 cm) ( Figure 2 ).
Statistical analysis
A chi-square test was used to evaluate the differences between groups for categorical variables. The primary endpoint in this study included overall survival (OS) and CHS cancer-specific survival (CSS). OS was defined as the time interval from the date of diagnosis till the date of death due to any cause. CSS was defined as the time from diagnosis until death due to CHS. Univariate logistic regression was used to determine risk factors for CHS patients with PM. Those characteristics with P-values less than 0.05 in the univariate logistic regression analysis were continually chosen for the multivariate logistic analysis. The odds ratio (OR) and corresponding 95% confidence interval (CI) were used to show the association between clinical characteristics and PM development. Univariate and multivariate Cox proportional hazard models were applied to determine the independent predictors association among several variables for OS and CSS. The hazard ratios (HR) and corresponding 95% confidence interval (CI) were used to show the impact of patient factors on OS and CSS. All statistical analyses were performed using SPSS 22.0 (IBM Corporation, Armonk, NY, USA). Two-tailed and P-values less than 0.05 were considered statistically significant in all statistical tests. • Unknown (N=4) • Unknown sequence between radiation and surgery (N+2) • Regional lymph nodes metastasis information not available (N=3) • Unknown regional lymph nodes metastasis removed (N=13) 
Results
Demographics and baseline characteristics for CHS patients diagnosed with PM
One thousand and fourteen patients diagnosed as CHS between 2010 and 2016 were collected from the SEER database. The overall cohort was mostly white patients (86% 
Risk factors for developing pulmonary metastasis
Univariate logistic regression analysis showed that factors positively associated with PM development at initial diagnosis included: dedifferentiated subtype (OR=5.896, 95% CI: As demonstrated in Table 2 , multivariate logistic regression indicated that factors positively associated with higher risk Table 3 . Remarkably, patients with pulmonary metastasis had worse prognosis than those without PM (Figure 3 ). Chemotherapy and radiation therapy were not statistically significant associated with prognosis. Resection (P<0.001) and amputation (P=0.026) of the primary tumor were the only prognostic factors that were associated with a better prognosis compared to those without surgery.
Prognostic factors for patients with pulmonary metastasis
The all associated with poor prognosis of OS and CSS. In contrast, resection of the primary tumor had improved OS and CSS for PM patients (Figure 4 ). There was no significant impact on OS and CSS by the histological grade of the pulmonary metastasis. Multivariate Cox regression analysis revealed patients with older age (HR=2.668, 95% CI: 1.371-5.192, P=0.004), CCC subtype (HR=10.971, 95% CI: 1.216-98.942, P=0.033), and large tumor size (HR=4.613, 95% CI: 1.857-11.462, P=0.033) were associated with poor prognosis of OS and CSS for PM patients. Moreover, resection of the primary tumor tended to be another prognostic factor which could prolong OS and CSS in PM patients.
In this study, the homogeneous risk factor for the incidence and prognosis of CHS patients with PM was a large tumor size (>15 cm). Patients with dedifferentiated subtype, high grade of malignancy, extracompartmental tumor, presence of regional LNM, presence of local recurrence, and whom were married were significantly associated with high risk of developing PM; however, they were not associated with OS and CSS of PM. Older patients and patients with CCC subtype were significantly correlated with poor prognosis of OS and CSS, but these factors could not predict the risk of developing PM ( Figure 5 ).
Discussion
To the best of our knowledge, this is the first study using the Surveillance, Epidemiology, and End Results (SEER) database to investigate the risk factors and prognostic factors of CHS patients with PM. According to our findings, 6.8% of CHS patients presented with PM at initial diagnosis. This incidence rate is lower than the rate of 9.6-11.2% previously published [9, 15] . In the SEER database, asymptomatic patients are unable to be captured, which might have resulted in underestimation of PM incidence.
Due to the poor prognosis of CHS patients with PM, it is meaningful to determine factors that can identify the clinical characteristics of CHS patients who are at high risk of developing PM. As shown in our study, patients with dedifferentiated subtype, high grade of malignancy, extracompartmental tumor, presence of regional LNM, presence of local recurrence, large tumor size, and whom were married were found to be more likely to have PM. These clinical characteristics are risk factors for developing PM in CHS patients. Our most interesting finding was a statistically significant association in the presence of PM in married patients compared to unmarried patients. The most likely reason for this was that increased social support and encouragement from their spouses resulted in early detection when pulmonary symptoms first manifested. Compared to unmarried patients, married patients also had better treatment adherence and more regular follow-ups [20] . As such, married patients were more likely to be diagnosed with PM. The benefit of marital status on survival of cancer patients had been well studied [21] [22] [23] [24] [25] [26] . These studies suggested that marital status was a protective factor for survival and that married patients had significant survival benefits when compared to unmarried patients. Additionally, marital status was also found to be an independent prognostic factor for chondrosarcoma patients in Gao's study [27] , who found that married patients were associated with a better prognosis than unmarried patients. In the tumor stage subgroup analysis, however, marital status was not found to be a significant prognostic factor of survival in chondrosarcoma with distant stage, congruent with the results from our study. The small numbers of unmarried patients (only 19 with PM) in our study may have limited the ability to determine a reliable statistically significant difference in survival between married and unmarried patients. As such, the benefit of marriage in CHS patients with PM still needs further investigating in future studies.
Thorkildsen et al. and Angelini et al. stated that histological grade was correlated with the likelihood of local recurrence and distant metastasis rate [6, 28] . Regardless, there was no significant impact of histologic grade on OS in PM patients [29] . We found that PM was more frequent with high-grade tumors than with low-grade tumors. Our study determined that a high-grade tumor was a high-risk factor for developing PM in our study, which is in accordance with previous studies [16, 30, 31] . Among all histologic subtypes, the dedifferentiated subtype had the highest PM rate, with a statistically significant difference. The dedifferentiated subtype had a high metastatic rate of 65%, but was stable after 2-year followup [6] . Malchenko chondrosarcoma metastases is related to expression of a set of "multifunctional" genes, which might explain this phenomenon [32] . In our study, we found that patients with extracompartmental tumors have a higher risk of developing PM than those with intracompartmental tumor. One possible explanations for this is that extracompartmental tumors in CHS may be more aggressive, often presenting in patients who have had inadequate surgical margins [33] . Additionally, neurovascular bundles are located extracompartmentally; thus, when a tumor invades them, it can cause hematogenous metastasis. Identification of the aforementioned high-risk clinical characteristics can help physicians in paying more attention to those with high PM risk and better evaluate the possibility of high PM risk. The 1-year and 3-year disease-free survival rates in CHS patients with PM were 36% and 0%, respectively [29] . Based on the number of new pulmonary metastatic events per patientyear in each grade of sarcomas, Cipriano et al. proposed that pulmonary screening be performed as follows: annually until 5 years for low grade sarcomas; every 3 months for 2 years, every 6 months from 2 to 5 years, then annually from 5 to 10 years [13] . Computed tomography (CT) of the chest had been proven to be more sensitive than positron emission tomography (PET) in detecting pulmonary metastasis from bone sarcomas [34] . Hence, we propose that patients with a high risk of PM should receive a chest radiograph, and CT of the chest needs to be performed every 3-6 months for 5 years, then annually from 5 to 10 years.
Our findings on prognostic factors for CHS patients are consistent with previous studies stating that male sex, older age, high-grade tumor, tumor size, dedifferentiated subtype, presence of PM, presence of local recurrence, and resection or amputation are independent prognostic factors [3, 4, 6, 8, 10, 11, 17, 30, 31, 35, 36] . Chemotherapy and radiation therapy were still not able to improve the prognosis of CHS patients [1]. Our study showed that both chemotherapy and radiation were associated with poor prognosis in univariate analysis. Prognostic factors of CHS patients with PM development at initial diagnosis were found to include older age, CCC subtype, and large tumor size. Resection of the primary tumor tended to be another prognostic factor that could prolong OS and CSS in PM patients. This finding is congruent with a study by Song, which suggested that resection of the primary tumor was associated with improved survival for patients with metastatic chondrosarcoma at diagnosis [37] . Furthermore, pulmonary metastasectomy has proven to be effective to prolong survival among patients with pulmonary metastasis [14, 38, 39] . Information about pulmonary metastasectomy was not included in this study. Regarding age at diagnosis, we determined that older age (>67 years old) was one of the independent prognostic factors resulting in a worse prognosis for CHS patients with PM. This result was similar to that of a recent study, which showed that older age was significantly negatively correlated with OS and CSS in patients with metastatic CHS. For each additional 1-year increase in the age of diagnosis with a reference of 60 years (mean age at diagnosis), the increase in the risk of worse OS and CSS were 1.019 and 1.015, respectively [37] . The presence of comorbidities and worse performance status in older patients can be reasons for a poor prognosis in CHS patients with PM. As mentioned before, the prognosis in patients with clear cell chondrosarcoma tended to be worse than for patients with other chondrosarcomas. CCC is a rare, low-grade, malignant sarcoma with potential to PM. Donati et al. stated that serum alkaline phosphatase levels are often elevated at diagnosis and may provide a useful tumor marker. Once patients are diagnosed with clear cell subtype, they should undergo tumor resection with wide margin and mandatory long-term follow-up [40] . In our study, large tumor size was the homogeneous risk factor for the incidence and prognosis of CHS patients with PM. In univariate analysis, medium and large tumor size were associated with an increase in the risk for having PM, whereas only large tumor size group had a significant association with a high risk of developing PM in multivariate analysis. A possible explanation of this is that a larger tumor size often needs time for tumor growth, increasing the likelihood of metastasis. This highlights the significance of early detection for asymptomatic CHS patients. In survival analysis, large tumor size was associated with a nearly 5-fold increase of the hazard ratio in both OS and CSS. This results in a worse prognosis for patients with large tumor size in both OS and CSS. Our findings were also consistent with recent studies [16, 41] that concluded that increasing tumor size was associated with increased of high risk of distant metastasis and mortality. Based on these prognostic factors, physicians can more accurately estimate the prognosis of PM patients. Resection of the primary tumor and pulmonary metastasectomy are recommended to manage PM development.
Potential limitations of our study include an underestimated PM incidence due to the lack of records for asymptomatic PM patients in the SEER database. Secondly, surgical margin status, pathologic fracture, and pulmonary metastasectomy were shown to be independent prognostic factors in CHS patients in previous studies [14, 31, 38, 39, 42] . Due to insufficient information about these clinical variables in SEER, we were unable to investigate the association between these factors and PM patients. Finally, our study is retrospective and, as such, selection bias and missing data are inevitable; thus, more prospective studies are needed to further confirm the results.
Conclusions
Based on our retrospective analysis of the SEER database, our study demonstrated risk factors for PM development in CHS patients included: having a dedifferentiated subtype, a high grade of malignancy, extracompartmental tumor, presence of regional LNM, presence of local recurrence, large tumor size (>15 cm), and being married. It was also demonstrated that prognostic factors for CHS patients with PM included older age (>67 years old), CCC subtype, and large tumor size (>15 cm). Additionally, resection of the primary tumor tended to be correlated with a better prognosis. The recognition of these risk factors can potentially be used for clinical surveillance through improving the early detection of PM in CHS patients and in counseling patients regarding the possibility of developing PM. The discovery of prognostic factors can help physicians in making a more accurate prognostic estimation and can be used to design a personized treatment plan for patients with PM.
